Post-transfusion hepatitis A virus (HAV) infection worldwide is considered a sporadic event. An outbreak of HAV infection occurred in Latvia between the end of 2007 and throughout 2008 with more than 2,800 confirmed cases reported over a 13-month period (incidence of 123 per 100,000 population). The majority of reported HAV infection cases were in people over 18 years of age and in people living in the capital city, Riga. We estimated that the crude risk for HAV contamination of whole blood supplies in Riga between February and October 2008 ranged from 1.4 to 10.6per 10,000 donated units. In people under 40 years of age, the risk of receiving an infectious blood transfusion was more than 3.0 per 10,000 recipients between August and October 2008 during the peak of the outbreak. We conclude that there is a previously under-recognised impact of HAV on blood safety during widespread outbreaks of this disease. Estimating the risk of contamination of blood supplies during an infectious disease outbreak scenario is important for fine tuning risk assessments and potentially improving public health practices. Ì ntroduction Hepatitis A virus (HAV) infection is an acute viral illness usually acquired through the faecal-oral route. Outbreaks have been associated with contaminated food and water supplies, and have also been identified in specific communities such as injecting drug users (IDUs) and men who have sex with men (MSM). The level of endemicity of HAV infection varies worldwide, with higher seroprevalence reported in resourcepoor countries and lower seroprevalence in developed regions such as northern Europe and Japan [1] . In the European Union (EU), the overall notification rate for HAV infection decreased from 15.1 to 2.81 cases per 100,000 from 1996 to 2007 [2] . Despite improved sanitary conditions, but with the lack of universal HAV vaccination programmes in the majority of countries, this disease remains endemic in the EU. However, its epidemiology is changing: EU Member States that were considered previously highly endemic, mostly former east-European countries [3] , are now demonstrating moderate endemicity. Such changes in epidemiology are usually characterised by shifts in the population affected from children where HAV infection is asymptomatic or mild, to young adults, in whom the disease is more severe.
Post-transfusion HAV infection has been documented after a person has received whole blood and plasma [4] [5] [6] [7] [8] , as well as in haemophiliac patients who have received concentrated blood products such as Factor VIII [6, [9] [10] [11] [12] [13] [14] [15] [16] [17] . In India, blood product recipients are recommended to receive HAV vaccination and in the United Kingdom, the Department of Health recommends HAV vaccination for haemophiliacs [18, 19] . Current methods for inactivation of viruses and partition methods for long-lasting blood products are less effective for HAV [20] and parvovirus B19 [21] , than for hepatitis B and C viruses, HIV and dengue virus, because HAV and parvovirus B19 are non-enveloped protein viruses. However, the general assumption is that blood safety is not greatly affected by HAV and that post-transfusion infection with the virus is a sporadic event, especially in endemic countries where immunity is high.
In Latvia, HAV infection is a notifiable disease through the national surveillance system, using the EU case definition [22] . The incidence of the disease has decreased substantially over the last 20 years, with more than 6,000 cases reported in 1990 (incidence of 263 per 100,000 population), compared with a mean of 87 cases per year between 2000 and 2007 (incidence of four per 100,000 population) [23, 24] .
In late 2007, surveillance data indicated an increase of reported HAV cases in the country. By December 2008 a total of 2,817 cases had been reported, with 17 deaths [25] (incidence of 123 per 100,000 population). This outbreak was noteworthy in several aspects. Firstly, it was a community-wide outbreak that was concentrated in the capital city, Riga, where 76% of the cases were reported. Furthermore, the proportion of IDUs among the reported HAV cases was more than 20% up to July 200; after that, the proportion decreased as the outbreak became increasingly established in the community [25] . Finally, adults were the most affected age group of the 1,701 cases reported in Riga between February and October 2008: 1,344 (79%) cases were aged between 18 and 65 years.
Because of the geographical and age distribution of the majority of cases in this outbreak, we hypothesised that there was a potential impact on blood safety, as the majority of blood donors come from urban areas and are older than 18 years (the minimum age for blood donation, which in Latvia is voluntary). Around 1.3% of the population regularly donates blood (unpublished data). For this reason we decided to estimate the impact of HAV infection on blood donations during this community-wide outbreak in Latvia.
Methods
As the majority of HAV infections in Riga were reported between February and October 2008, we divided this time into three distinct outbreak periods ( Figure 1 ): February -April (Period 1), May -July (Period 2) and August -October (Period 3), the last being the peak of the outbreak. On the assumption that 70% of HAV infections are asymptomatic [26, 27] and that all symptomatic infections were reported through the Latvian surveillance system, we calculated the total number of HAV infections in Riga for each of the three outbreak periods (incidence). We also further restricted this analysis to people over 18 years of age (the lower age limit for blood donation in Latvia).
The method used to calculate the risk of HAV contamination of the supply of whole blood in Latvia was based on previous calculations conducted by Biggerstaff and Petersen [28, 29] to estimate the impact of West Nile fever outbreaks in the United States on national blood safety. This method considers the proportion of symptomatic and asymptomatic infected cases, the duration of the viraemic period in asymptomatic and symptomatic cases before they develop symptoms (i.e. when they could donate blood) and the duration and attack rate of the outbreak.
The formula used to calculate the mean risk to blood donations is:
In order to calculate the mean duration of asymptomatic viraemia, we use the following formula:
where:
• Psympto = Proportion of symptomatic cases • Vsympto = Duration of viraemia in symptomatic cases (days) • Pasympto = 1 -Psympto = Proportion of asymptomatic cases • Vasympto = Duration of viraemia in asymptomatic cases (days).
To our knowledge, this method has only been used once for other situations, to estimate the impact of a local HAV outbreak on blood safety in France [27] . In order to ensure that our data are comparable, we used the same parameters and assumptions as the French study. On the basis of the parameters from that study and other literature, we assumed that in the Latvian outbreak 70% of cases were symptomatic, all symptomatic cases were reported through the surveillance system, the duration of pre-symptomatic viraemia in symptomatic cases was 16 days and that the duration of viraemia in asymptomatic cases was 70 days [26, 27, 30] . The crude risk of HAV contamination in blood supplies was then calculated for each of the three outbreak periods.
In order to estimate the risk that a blood transfusion recipient would be susceptible to HAV infection during this outbreak, we took into account the underlying immunity for HAV in the Latvian population and the screening procedures used at the Latvian blood bank. The anti-HAV seroprevalence of the population was determined in 1998 (unpublished data). In order to estimate the underlying HAV immunity, we extrapolated the seroprevalence data from 1998 by 10 years to estimate seroprevalence levels in 2008 (e.g. we assumed that the seroprevalence of the age group 30-39 years in 1998 would be the level of the 40-49 years age group in 2008, etc.). We did not take into consideration any additional population immunity resulting from HAV vaccination as this vaccine is not routinely included in the Latvian vaccination schedule and is only available upon individual request. Therefore, we assumed that any population immunity resulting from HAV vaccination would be negligible. Furthermore, blood will not be taken from potential donors at any Latvian blood bank if they report that they have had contact with a person with any infectious disease (including hepatitis A). For those reporting close contact with an HAVinfected person, their blood donation will be deferred for 50 days.
In addition, blood units are tested for alanine aminotransferase (ALT) levels: any donation that contains greater than 90 international units per litre (IU/L) is rejected for donation, as it indicates impaired liver function associated with all types of hepatitis. We assumed that in asymptomatic HAV-infected donors, the ALT levels would reach this threshold after 16 days of infection (i.e. the duration of pre-symptomatic viraemia in symptomatic patients) and that their donations would be excluded from the central blood bank. Using the Biggerstaff and Petersen formula we calculated the risk of contamination of blood with HAV using the adjusted asymptomatic viraemic period. This risk was multiplied by the proportion of the population that is not immune to hepatitis A, i.e. 1 -[anti-HAV seroprevalence proportion], for a specific age group to obtain the risk of receiving an infectious donation per age group.
Results
The incidence (per 100,000 population), taking into account asymptomatic and symptomatic cases of HAV infection in Latvia during the three outbreak periods, were calculated to be 32 for Period 1, 52for Period 2 and 290 for Period 3. The estimated crude risk for HAVcontaminated whole blood supplies in Latvia between February and October 2008 ranged from 1.4 to 10.6 units per 10,000 donated units ( Table 1 ).
The extrapolated anti-HAV seroprevalence (i.e. immunity) in Latvia in 2008 increased with age, from 15% in people younger than 15 years to 60% in people older than 40 years of age ( Figure 2 and Table 2 ). When considering the underlying immunity and the ALT screening at the blood bank, the risk of receiving a contaminated donation and being susceptible for infection was greater than 3.0 per 10,000 transfusions for people younger than 40 years in Riga ( 
Discussion
To the best of our knowledge, this is the first time that a national risk assessment of blood safety following a widespread community outbreak of HAV infection in a European country has been conducted. Our study shows that large community outbreaks of an infectious disease such as hepatitis A in a country with a moderate endemicity can have an important and under-recognised impact on blood safety.
There are several limitations in the estimation of risk of contaminated whole blood products with HAV. It is possible that the crude and adjusted risk calculations were overestimated as we considered the overall attack rate of HAV infection in Riga and did not exclude reported cases in infecting drug users. As blood donations from these people would be deferred, they would probably not contribute to contaminated blood supplies. Also,
Figure 1
Confirmed cases of hepatitis A virus infection, Riga, Latvia, January -October 2008 (n= 810)
The three outbreak periods considered in the current study are indicated. the calculations were unable to take into account the effectiveness of screening procedures that are implemented at the blood bank in Latvia to defer donations from people with a history of contact with someone with an infectious disease. We did not take into consideration the effect of neutralising antibodies in potential donors on reducing the infectious capability of their donated blood, as all available evidence suggest that such antibodies only appear and continue to increase once the person has become symptomatic [30, 31] . Their presence would therefore not affect our current risk estimates as a symptomatic potential donor would be excluded from donation at that point. We also could not quantify the effect of HAV-immune donors on the current risk estimates. Furthermore, we were not able to estimate the residual viraemic potential of HAV in blood units or the immunological response of transfusion recipients. Both these factors would modify the risk of post-transfusion HAV infection.
This study focused only on contamination of whole blood. Long-lasting blood products are produced from pools of blood units (sometimes several thousands) and therefore the risk for contamination would potentially be increased. Also, long-lasting blood products undergo several deactivation steps to eliminate other infectious disease risks. Even though HAV is a nonenveloped virus and the deactivation steps are less effective for this type of virus, it is likely that most viral potential would be removed [26, 30] . The real risk of contaminated long-lasting blood products during this outbreak in Riga in 2008 is therefore more complex to quantify.
At the peak of the outbreak between August and October 2008, the crude risk for contaminated whole blood supplies was 10.6per 10,000 donations and the adjusted risk for infective transfusions was greater than 3.0 per 10,000 recipients in people under 40 years. Between February and October 2008, a mean of 2,700 donations per month were made to the Latvian blood bank. Therefore, the calculated risk per 10,000 donations is very similar to the monthly contamination of whole blood supplies during this outbreak.
During a West Nile virus outbreak in the United States in 1999, the calculated risk for transmission of the virus was between 1.8 and 2.7 per 10,000 blood donations [28] . In the light of this estimate, the United States implemented pooled screening of all blood donations for West Nile virus [32] . For other viruses that cause infectious diseases, such as human immunodeficiency virus (HIV) and hepatitis C, the current estimated risk of contamination is one unit per two million donations; for hepatitis B it is one per 200,000 donations [33] . The calculated HAV contamination risk in Riga during this epidemic was significantly higher than the risk of contamination with any of the other mentioned viruses. Over the studied outbreak period, close to 30,000 blood donations were received in Latvia, and it is likely that some of these were contaminated and were not rejected for donation despite routine screening. It is unlikely that the current crude contamination estimation would be reflected in the proportion of donations that exceeded 90 IU/L of ALT (and would therefore be rejected at the central blood bank), as they only comprise 0.1% of the total number of donations.
Only one report of possible post-transfusion HAV infection in Latvia was received during the outbreak. This might be explained by the fact that HAV infection is generally not a severe disease and could therefore be missed in patients with serious underlying conditions who receive blood transfusion. Furthermore, it is unlikely that the resources necessary to conduct indepth investigations around this single reported case could be liberated. A stricter follow-up of all transfusion recipients during the outbreak period would have allowed the actual incidence of post-transfusion HAV infection during this outbreak to be determined.
There are measures to prevent infections with HAV through blood transfusion, including vaccination, immunoglobulin administration and more stringent screening procedures for possible blood donors. Such methods might need to be temporarily employed during large-scale community outbreaks in order to reduce the risk of HAV infection in transfused patients. However, their use would need to be carefully assessed by comparing the risk of acquiring the infection from contact with a hepatitis A case in the general population versus the risk of acquiring the infection through a blood transfusion as it is possible that the incidence is sufficiently high during the outbreak that a person would be more likely to become infected in the community.
The methods described in this study are one of the possible tools that could facilitate conducting a targeted risk assessment for the impact of an infectious disease on blood supplies during an acute period such as an epidemic. The calculations are simple and easily reproducible for other infectious diseases of epidemic potential. Even though the method has limitations, the estimations of crude and adjusted risks of contamination of whole blood supplies provide important information for the further management of blood donations during an infectious disease outbreak. Combining these rough calculations with other available epidemiological information about the outbreak and complementing these findings with close follow-up of transfusion recipients, the risk assessment might be even further fine-tuned, resulting in better public health practices.
